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CHAPTER I 
THE PROBLEM
I. INTRODUCTION
Historically, man has used physical activity for various 
purposes. The Chinese of the third millennium B, C. 
practiced Cong Pu, a system of exercise they claimed to be 
disease-preventive. Various forms of physical activity 
were a major part of the Athenian culture. Hippocrates, 
the Father of Medicine, used exercise as a treatment for 
those who came to his sanitarium on the Isle of Cos. Thus, 
physical exercise has long been utilized by many in the 
pursuit of health.
The physiological adaptation of man*s systems to train­
ing is of basic interest to the field of physical education. 
Brouha (7) and Taylor (31) suggested that physical training 
improves the precision and the economy of any motion or 
sequence of motions involved in muscular activity. There 
also seems to be agreement that individuals who exercise 
regularly are better equipped to resist fatiguq and carry 
out more physical work. If this is so, it is possible that 
the more active individuals may be better able to enjoy 
life and be better equipped physically to participate in 
recreational activities during leisure hours.
Cooper (12) stated that regular, medically advised and 
supervised physical exercise was valuable in the treatment 
of post-myocardial infarction patients, post-surgical
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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patients, and patients who have been confined to bed for 
prolonged periods. Fox and Skinner (22) suggested that 
physical exercise may play a role in reducing the incidence 
of heart disease and other chronic disorders. Bouchard, 
et al. (5) reported that it was possible to preserve, in 
the fifth decade of life, a physical working capacity equal 
to that enjoyed in the second decade. They stated further, 
from the medical point of view, that training was most 
necessary for the growing adolescent and for the aging 
person.
The importance of exercise during adolescence is to help 
develop the organs to an optimal level of efficiency. 
Following adolescence, physical training for the young adult 
serves to prevent degenerative cardiovascular damage.
Beyond the age of forty, exercise helps to counteract the 
deteriorating processes of aging (5). Bouchard, et al. (5) 
have said:
It is of great importance to determine what 
type of work and what amount of training (intensity, duration, frequency, repetition) 
are necessary to obtain either a significant 
functional improvement of heart, circulation, 
respiration and metabolism, or at least to 
counteract the hypokinetic effects brought 
about by civilization.
In training for cardiorespiratory endurance, it is 
believed that the training heart rate should attain or exceed 
150 beats per minute (4» 12, 17, 24, 30). Cooper found 
that noticeable training benefits took place about five 
minutes after exercise began, provided the exercise was
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
sufficient to produce a heart rate of at least 150 beats 
per minute. He suggested that, if the exercise was not 
strenuous enough to produce a heart rate of 150 beats 
per minute, but was of sufficient intensity to make a 
demand for increased oxygen, the exercise would have to be 
continued for a much longer period of time. The time 
needed to produce a noticeable effect depends upon the 
oxygen consumed. In their study involving heart rate 
training intensities, Sharkey and Holleman (30) concluded 
that the 1Ô0 heart rate group achieved greater improvement 
in working capacity than groups working at 120 or 150 beats 
per minute.
With an investigation of the frequency of exercise for 
the development of cardiorespiratory endurance, Jackson 
and his associates (2 3) provided information regarding 
another important criterion in training. The purpose of 
the study was to determine the number of days per week of 
submaximal training that would produce maximum physiological 
benefits. Training sessions were set at one, two, three, 
and five days per week. Based on the results of the study, 
the authors recommended an exercise frequency of two or 
three times per week, or every other day, for the develop­
ment of cardiorespiratory fitness.
An important training guideline regarding the overall 
length of training evolved from investigations by other 
writers (7, 9, 21). Campney (9) concluded from a ten-week 
program, involving all-out bench stepping, that
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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cardiovascular improvement occurred after the fifth week 
of training. Brouha (7) suggested that changes in 
respiratory responses to exercise are progressive, and 
four to six weeks are needed before maximum efficiency 
can be reached. Durnin, Brockway, and Witcher (21) 
investigated the effects of a short period of training of 
varying severity on physical fitness. In their study, 
the training program extended for only two weeks. An 
interesting result of the study was that the subjects who 
had significant increases in cardiorespiratory endurance 
were those who did not do the most work. In some cases, 
the more strenuous work load seemed to be too much for 
the subject's level of physical fitness.
The present state of knowledge concerning the influence 
of exercise on the physiological fitness levels seems 
rather inconclusive. According to Durnin and his 
associates (2 1 ), the subject's initial state of fitness 
may have affected the improvement rate. The majority of 
studies have utilized subjects randomly selected among all 
levels of physical fitness. In order to reinforce current 
physiological training techniques, valuable knowledge may 
be gained by studying the variable effects of exercise 
programs on those of different levels of physical fitness. 
Therefore, it should be of great benefit to investigate 
subjects from high and low physical fitness levels to 
determine if differences exist in their capabilities 
for improvement of cardiorespiratory endurance.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Although it is known that repeated exercise leads to 
an improved cardiorespiratory performance, questions still 
remain regarding the optimal amount of exercise needed to 
elicit significant training effects. Cooper (12) asserted 
that physicians prescribing physical activity were unable 
to prescribe acceptable exercise doses, since a formula was 
not available. The concept that the more intense an 
exercise is, and the more repetitions performed, the 
higher the reward will be in developing physical fitness 
is debatable. For example, it is very possible that an 
individual of low physical fitness would receive as much, 
if not more, reward by exercising with fewer repetitions.
On the other hand, numerous repetitions may be a necessary 
factor in the development of cardiorespiratory endurance 
in an individual with high physical fitness. Without a 
knowledge of a prescribed work load, the danger of over­
exertion exists. This could result in useless expenditures 
of time and energy. It could also increase the risk of 
exercise participation. There seems to be limited infor­
mation concerning the amount of exercise necessary for 
those in various states of physical fitness.
Most physical education programs in the United States 
concentrate on adolescents between the ages of six and 
eighteen years, as this is an extremely important develop­
mental phase in life. However, most research projects 
have involved college men. In this age group, subjects 
are more conveniently utilized since most research
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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is conducted on the university campus. Consequently, 
more research is needed on the effects of exercise on 
adolescent subjects in the development of cardiorespira­
tory endurance. Furthermore, most investigations deal 
specifically with male subjects. Therefore, there is 
need for more comparative information regarding the 
effects of specific exercise programs on male and female 
subjects.
II. THE PROBLEM 
Statement of the Problem
The purpose of this study was to investigate the effects 
of three, six, or nine repetitions of submaximal running 
on the development of cardiorespiratory endurance in 
adolescents of high and low physical fitness. A sub­
problem was to determine if the sex of the adolescent 
subject had an influence on the development of cardio­
respiratory endurance.
Limitations of the Study
1. This study was limited to eighteen male and eighteen 
female adolescents, twelve to fourteen years of age.
2. Cardiorespiratory endurance tests consisted of 
300-yard and 600-yard running tests.
3. Although the subjects were asked not to participate 
in other conditioning activities in addition to those 
involved in this study, it was impossible to control their 
activities outside the regular school hours.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Definition of Terms
The following terms are defined as they were used in 
this study:
Cardiorespiratory endurance: The ability to take in,
transport, and deliver oxygen to the working muscles (2 9).
Exercise intensity; The rate of exercise as indicated 
by the immediate post-exercise heart rate.
Exercise frequency: The number of days of training
per week.
Exercise duration: The amount of time spent exercising
(stated in terms of repetitions).
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CHAPTER II 
REVIEW OF THE RELATED LITERATUTE
I. PHYSICAL FITNESS AND TRAINING
The term physical fitness is very confusing, as there 
seems to be a lack of consistency in its usage. Some 
writers define fitness in terms of muscular strength and 
agility (10). Many include psychological elements as 
necessary factors in physical fitness (1 6 ), It is 
important to note that physical fitness cannot be measured 
by assessing just one of the above criteria. General 
physical fitness is reflected by muscular strength and 
agility and psychological well-being, but other components 
are also important. Cooper (12) explains that physical 
fitness should indicate reasonable muscular development, 
functional flexibility of the joints, adequate vital 
capacity of the lungs, reserve capacity of the heart and 
blood vessels, and cardiopulmonary endurance. Before 
physical fitness can be measured, there must be a common 
denominator. Physiologists (2, 6 , 7, 15, 10, 29) seem to 
agree that physical fitness is best determined by measuring 
the efficiency of the circulatory and respiratory systems. 
This study was therefore concerned with those aspects of 
fitness which involved the ability to take in, transport, 
and deliver oxygen to the working muscles (2 9).
There seems to be a misconception regarding the terms 
training and conditioning, since they appear to be used
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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synonymously. For clarification in this study, a 
distinction was made. Cureton (15) explains that train­
ing refers to the schema of progressive exercising and 
interval training. Conditioning usually refers to 
patterns of exercise, therapy, massage, bandaging, and 
baths. This investigation was therefore concerned with 
training, specifically in the development of cardiores­
piratory endurance.
The physiological adaptations in the body of man 
during and after exercise are not fully understood.
However, attempts have been made to determine the most 
adequate methods of improving human performance and 
physical fitness. deVries (17) suggests that endurance is 
the most important component of physical fitness. It 
reflects the state of some physiological systems that are 
most important to the general health of an individual. 
Although it is generally agreed that training may increase 
efficiency of performance in an individual for a specified 
task, it should be apparent that the level of physical 
fitness prior to training, and the intensity, frequency, 
and duration of the training are primary factors that 
influence the effects of training (6 , 3, 1 1 ).
II. GENERAL ASPECTS OF TRAINING 
Training Duration
Durnin, Brockway, and Witcher (21) disclosed that the 
development of cardiorespiratory endurance can be accom­
plished by a short period of training. Their investigation
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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involved twenty-four untrained male subjects who were 
randomly divided into four groups. The subjects were 
trained by walking for two consecutive periods of five 
days with a one-day rest. Group one was required to walk 
6 ,2  miles (ten kilometers) per day, group two walked 
1 2 ,4  miles (twenty kilometers) per day, group three walked 
1 8 .6  miles (thirty kilometers) per day, and group four 
walked a minimum of 1 .8 6  miles (three kilometers) per day. 
Physical fitness was assessed by treadmill measurements 
of pulmonary ventilation, oxygen extraction, oxygen con­
sumption, and heart rate. The authors concluded that the 
group which walked 1 2 .4  miles per day achieved significant 
increases in oxygen consumption and pulmonary ventilation. 
However, as a result of the short period of training, all 
groups showed a lowering of the heart rate during exercise 
that was statistically significant.
Corbin et al, (13) studied the effects of variable 
length training sessions on physical fitness. Twenty low­
fitness male college students were used as subjects. The 
subjects were divided into four equal groups on the basis 
of maximal 0^ (ral/kg./min.). Three groups exercised on 
the bicycle ergometer at a heart rate intensity of 180  
beats per minute, five days a week for ten weeks. The 
daily training period involved a five-minute warm up with 
the work load adjusted to produce a heart rate of 1 2 0 -1 3 0  
beats per minute. Immediately following, the work load was 
adjusted to produce the 180 heart rate for each group.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Groups one, two, and three exercised at the established 
heart rate for twenty, forty, and sixty minutes per day 
respectively. Group four served as the control group and 
engaged in a normal daily schedule without participation 
in the training program. Pre- and post-physiological 
tests were administered to determine if any changes 
existed in physical fitness. The specified physiological 
tests consisted of a medical examination, a lean body mass 
test, the AAHPER Youth Fitness Test, and a treadmill test. 
The results of this study showed that the sixty—minute 
work-out group made the greatest improvement in physical 
fitness. They had statistically significant changes on 
twenty-three of the fifty-two variables considered as 
indexes of physical fitness. The twenty- and forty-minute 
exercise groups and the control group had nineteen, 
seventeen, and four significant changes respectively.
Many of the test variables consisted of cardiorespiratory 
endurance measures. In regard to the 600-yard run, the 
twenty-minute group achieved a greater improvement than 
did the forty- or sixty-minute groups. It was interesting 
to note that the forty-minute group achieved a higher 
increase in the maximal oxygen intake. However, on the 
treadmill walks and bicycle ergometer ride, the sixty- 
minute group showed the most improvement. These results 
seem to be in slight contrast to the findings of Durnin 
and his associates (21). They found that the greatest 
improvement in physical fitness appeared in the 1 2 .4-mile
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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group, the group that did not do the most work. Thus, 
there seems to be some question regarding the most 
efficient training work load necessary for improvement in 
physical fitness.
Exercise Intensity
In Karvonen’s study, as stated by deVries (17)» it 
was suggested that, in order to improve the exercise 
tolerance of the heart, the intensity of the exercise must 
provoke a heart rate 60 percent of the difference between 
the resting and the maximal heart rate. For example, for 
a subject with a resting heart rate of 70 and a maximum 
heart rate of 2 0 0, the exercise rate would be .6 0 (200-7 0) 
+70 or ll+S beats per minute.
In a study by Sharkey and Holleman (30), measures 
were made on the effect of training intensities on cardio­
respiratory endurance. Sixteen male students were used as 
subjects. Four groups were randomly assembled. Three were 
involved in training and one was used as the control group. 
Training consisted of walking on a treadmill at varying 
grade levels for ten minutes. Exercise heart rate 
intensities used were 1 2 0, 1 5 0, and 1Ô0 beats per minute. 
Subjects were required to train three times a week for six 
weeks. Cardiorespiratory endurance was measured by the 
Astrand-Rhyming Step Test to predict aerobic capacity and 
the Balke Treadmill Test for optimal working capacity.
The authors hypothesized that the group training at the 
higher heart rate level would show the most improvement.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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and that the other groups would follow according to 
degree of intensity of training. They concluded that, in 
order to increase working capacity, exercise would have 
to be at a high intensity level since the 1Ô0 group 
improved significantly more than the 150 or 120 groups.
Supporting the results of the study by Sharkey and 
Holleman, Brooker (4) investigated the use of efficiency 
as a measure of endurance training intensity. A sample of 
eighteen male students attending Florida State University 
were used as subjects. The subjects were randomly 
partitioned into four groups, two containing four subjects 
each and two containing five each. The members of all 
groups were subjected to submaximal exercise bouts on the 
bicycle ergometer on two separate occasions. Tests of 
oxygen consumption, respiratory rate, and respiratory 
volume were recorded during the exercise bouts. Training 
in this study involved exercise on the bicycle ergometer. 
Group one was employed as the control group and did not 
participate in the training. The other groups pedaled on 
the ergometer at a frequency of 90 rpm and a progressive 
power demand starting at 5 kg-m/sec. and increasing by 
1 kg-m/sec/min. Group two exercised until they achieved a 
heart rate of 120 beats per minute, group three a heart 
rate of 150 beats per minute, and group four a heart rate 
of l80 beats per minute. Each subject completed 30 train­
ing sessions over a period of six weeks. The results 
of the study indicated that significant changes in
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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efficiency were found only in the 150 and 180 heart beat 
groups. In those two groups that showed significant 
changes, the absolute changes reflected the intensity of 
training, if the assumption is accepted that training at 
150 heart rate is less intense than 1Ô0 heart rate 
training.
Training Frequency
Costill (1 4 ) reported that Zeigler conducted a study 
concerning the frequency of maximum effort most favorable 
for the development of cardiorespiratory endurance. The 
subjects were divided into three training groups. Train­
ing involved all-out exercise on a bicycle ergometer at 
frequencies of one, two, and three times per week for a 
period of eighteen weeks. The results of the study 
indicated the group that trained twice per week achieved 
the greatest percent increase in the duration of riding 
time. Increasing the number of exercise sessions per 
week appeared only to increase the individual variation, 
Jackson, Sharkey, and Johnson (23) compared the 
effects of various frequencies of training upon cardio­
respiratory endurance. They used as subjects twenty male 
students from physical education classes at the University 
of Montana, They were randomly assigned to one of four 
training groups or a control group, each containing four 
men. The four training groups trained at frequencies of 
one, two, three, or five days per week. The control group 
was not subjected to the training program, although it
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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participated in a physical education class three days per 
week. Subjects were trained on a treadmill for a period of 
five weeks. Tests used to measure cardiorespiratory fitness 
were: Balke Treadmill Test of Optimal Work Capacity; the
Taylor, Buskirk, and Henschel Treadmill Test for the 
measurement of maximal oxygen consumption; and the Astrand- 
Rhyming Step Test for physical fitness during submaximal 
work. The results of the study indicated that the two, 
three, and five day groups obtained highly significant 
improvements in actual endurance test scores. When con­
sidering the initial level of cardiorespiratory endurance 
possessed by the subjects, the authors concluded that 
training twice a week would apparently be as beneficial as 
three times or five times. In the case of certain individuals, 
the five-day-a-week training may have been too severe to 
allow adaptation of the systems involved. Jackson and his 
associates (23) reviewed a study by Hanson that was reported 
to the 1964 annual convention of the American Association of 
Health, Physical Education and Recreation, Her investiga­
tion compared the effects of a five-day-a-week and a three- 
day-a-week physical education program on achievement scores 
of sixth-grade students in the Youth Fitness Test Battery. 
Thirteen hundred scores were analyzed, and the results 
indicated that, at this age level, five days a week were 
better than three in most items. The 600-yard run test was 
among those items where the five-day-a-week program was 
better than the three-day-a-week program.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Effects of Individual Factors
Knehr, Dill, and Neufeld (26) studied a group of 
fourteen adult male subjects who followed a six-month 
training regime involving middle-distance running.
Results of the study indicated a slight increase in 
weight, a decrease in resting pulse rate of five beats 
per minute, and a slight decline in respiratory rate 
volume. The authors further stated that the rate of 
improvement seemed to be directed by the individual * s 
physical fitness level. Brouha and Radford (8 ) stressed 
that the fitness of the individual was probably the most 
important factor in determining the level of cardio­
vascular readiness for exercise. They further claimed 
that physical fitness for hard muscular work depends to 
a great extent on adaptations of the circulation. For 
standard amounts of moderate or submaximal work, a 
physically fit subject is able to maintain a slower heart 
rate during work and recover more quickly after work.
In a later study, Brouha (6 ) asserted that an individual’s 
physical fitness level is the most important factor that 
influences the capacity for muscular activity.
Age may also influence training because of its re­
lation to physical capabilities. In older as well as 
younger people, efficiency during submaximal work and 
maximum performance attainable are often related more to 
the physical fitness of the individual than to his 
chronological age (6 ).
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In a study relating to sex differences, Brouha (6 ) 
claimed that the training processes appear to be 
qualitatively similar for both sexes, and that the 
differences observed in the capability of adjusting to 
exercise were determined by individual characteristics.
The sex influence on training is mostly due to the fact 
that men and women differ in their physiological 
capacity to perform exercise. However, the possibility 
of improving a given performance by training seems to be 
about the same for both sexes, considering that females 
start at a lower level and reach a lower maximum. At a 
given level of oxygen consumption, the heart rate is 
higher in women than in men and conversely, for a given 
heart rate, men can transport more oxygen than women during 
submaximal and maximal work. On the average, the aerobic 
capacity is 25 to 30 percent lower in women due to 
exhaustion, which is reached at a lower level of per­
formance in women. However, trained subjects of both 
sexes seem to be able to utilize their anaerobic processes 
to the same extent (6 ).
III. SUMMARY
^though much controversy still exists, research has 
pointed out that, in training for cardiorespiratory 
endurance, an acceptable heart rate training intensity 
seems to be between 150-180 beats per minute. Preceding 
literature has also recommended an exercise heart rate
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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level of 60 percent of intensity between the resting 
and maximal heart rate. To be effective, training bouts 
should be established every other day or a minimum of 
twice a week in order to elicit a training effect. In 
allowing adequate time for physiological adaptations of 
the various body systems, a training program should 
extend for at least four weeks.
Research has indicated that, in training for 
endurance, the physiological age is more important than 
the chronological age of the individual. It has also 
been reported that the sex of the subject does not seem 
to affect the ability for improvement in the development 
of cardiorespiratory endurance. Finally, in training 
for cardiorespiratory endurance, a submaximal work load 
is apparently acceptable. However, there is disagreement 
as to the most desirable number of repetitions of sub- 
maximal work that are necessary for the development of 
endurance in subjects of different fitness levels.
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CHAPTER III 
PROCEDURE
I. THE SUBJECTS
The subjects for this study were selected from students 
attending Frenchtown Junior High School, Frenchtown,
Montana, and Lewis and Clark Grade School, Missoula,
Montana. Students representing two schools were used 
in this study in order to obtain a larger sample of sub­
jects, Twenty-four students from the rural Frenchtown 
school and twelve students from the Lewis and Clark city 
school qualified to participate in this study. Criteria 
for selection of subjects were based upon the student 
scores from the American Association for Health, Physical 
Education and Recreation Youth Fitness Test (1), willing­
ness IjQ cooperate, and permission from their parents to 
participate. The letter sent to parents appears as 
Appendix A, The subjects were motivated to participate by 
encouraging them to utilize the opportunity to improve 
their physical fitness through the training program. Six 
of the Frenchtown male subjects were athletes. These boys 
were not allowed to participate in track and field practice, 
although they were permitted to run in two track meets.
The longest race in these track meets was a 220-yard dash. 
The female subjects attending Frenchtown school were not 
involved with track participation. Among the twelve 
Lewis and Clark subjects, one boy was an athlete. The
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boy was permitted to attend basketball practice, where 
his participation consisted of shooting and passing.
The Lewis and Clark girls did not participate in athletics. 
Both school administrations and other personnel involved 
were extremely cooperative in assisting the investigator 
throughout the study.
The individual physical characteristics of the subjects 
appear in Appendix B. The physical characteristics in 
terms of mean values for each training group are shown in 
Table I,
TABLE I
PHYSICAL CHARACTERISTICS OF THE TRAINING GROUPS
* Groups X Height in Inches T  Weight in Pounds % Age
H9 62.70 104,00 13.3H6 64,80 121.60 13.3H3 62.66 110.25 13.1L9 61.12 1 0 1 .1 6 13.1L6 62.54 119.66 13.1L3 63.70 106.00 13.1
Means 62.9 110.6 13.2
* H and L signify high and low fitness levels 3» 6, and 9 signify repetition levels
II. TESTS
Testing and training of the subjects attending French­
town Junior High School were conducted during the months of 
March, April, and May, I960, The subjects attending Lewis 
and Clark Grade School were administered the program during 
the months of October, November, and December, 1968.
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AAHPER Youth Fitness Test
The AAHPER Youth Fitness test was used in this study 
to establish high and low physical fitness categories.
This test was designed for boys and girls from the fifth 
through the twelfth grades. The test battery consists of 
the following items (all for grades 5-12):
1. Pull-ups for boys, modified pull-ups for girls.
2. Sit-ups for boys and girls.
3. Shuttle run for boys and girls.
4. Standing broad jump for boys and girls.
5. Fifty-yard dash for boys and girls.
6. Softball throw for distance for boys and girls.
7. 600-yard run and walk for boys and girls.
Procedure for administering test items and scoring was 
obtained from the AAHPER Youth Fitness Manual (1).
Students were classed as A,B,C,D,E,F,G, according to 
the Neilson-Cozens Classification Index based on their 
age, weight, and height. The student’s age in months, 
weight in pounds, and height in inches were each located 
in the table provided in the test manual. An exponent 
number was then taken for the three items and totaled.
The sum of the exponents determined the student’s classifi­
cation. Scores from each of the seven fitness test items 
were then plotted against a national norm scale according 
to their classification. From the scale, a percentile 
ranking was determined which reflected their fitness status 
according to their age, weight, and height (see Appendix C).
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Subjects were divided into two categories on the 
basis of their youth fitness test results (see Appendix 
C). Using an equating method (Table II), high- and 
low-fitness categories were then sub-divided into six 
groups. The subjects were grouped according to their 
fitness rankings and sex. Each group contained three 
boys and three girls, a total of six subjects in each 
group. High physical fitness groups and their number of 
training repetitions were labeled as H3, H6, and H9. The 
low fitness groups were labeled L3, L6, and L9 (see 
Table II). This grouping was also used for the purpose 
of assigning training schedules (see Table III).
TABLE II 
METHOD OF EQUATING GROUPS
HIGH FITNESS LOW FITNESSupper nine boys lower nine boysupper nine girls lower nine girls
Place in Place inGroup fitness ranking Group fitness ranking
H9 1 6* 7 1 2 * 13 I S *  L9 19 2 k * 25 30* 31 36*
H6 2* 5 8* 11 14^ 17 L6 20* 23 26* 29 32* 35
H3 3 4* 9 10* 15 16* L3 21 22* 27 2Ô* 33 34*
^female subjects_______________________________________________
Cardiorespiratory Endurance Tests
Cardiorespiratory fitness appears to be a prime factor, 
if not the most important one, in physical fitness (17, 19).
valuate this factor, several methods have been
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developed that are valid and reliable. Among the more 
convenient methods are field tests, such as the 300-yard 
run and the 600-yard run-walk (19,26), Lewis (27) 
found a significant correlation between times in running 
tests and maximum oxygen intake. A correlation of .68 
was found for the 600-yard run test. Both correlations 
were significant at the .01 level of confidence. In a 
recent study, Doolittle and Bigbee (19) reported a 
correlation of ,62 between the 600-yard run-walk and the 
maximum oxygen intake. In his study, Lewis (2?) found 
a test-retest reliability correlation of .94 between two 
300-yard run tests and a correlation of .91 between two 
600-yard run tests. Lewis concluded that, when considering 
the test trials independently, the 600-yard run was the 
best single test for giving a one-trial cardiovascular 
endurance test. Based upon the study by Lewis and the 
comparable results of other researches on this topic (3,
17, 13, 25), the following cardiorespiratory endurance 
tests were selected for this study,
1. Four 300-yard run tests for time (two pre-test 
and two post-tests).
2. Two 600-yard run tests for time (one pre-test 
and one post-test).
The 300-Yard Run Test
Pre- and post-tests were administered at approxi­
mately 11:00 a.m. on an outdoor track during the physical
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education class periods at each school. A period of five 
weeks elapsed between the pre- and post-tests. The 
subjects ran in pairs and were placed according to their 
600-yard run-walk times obtained from the AAHPER Youth 
Fitness Test. Each subject and his partner ran together 
in each test. This pairing of subjects created competition. 
The subjects were pre-tested and post-tested twice for 
the 300-yard run. Since the investigator was interested 
in the best performance of each subject, the fastest time 
of the two runs was used frcm each test period.
The 600-Yard Run Test
The procedure for administering the 600-yard run test 
was identical to that used for the 300-yard run test. Two 
subjects ran together making the test a race where they 
were motivated to win. One 600-yard run test was 
administered before the training began and another at the 
termination of the program.
III. TRAINING 
Prior to their training, the subjects underwent a 
process of orientation regarding the training procedure.
Each subject was given instruction and practice in locating 
and counting his own pulse rate. A point on the carotid 
artery was used for counting the pulse rate, as the sub­
jects were able to locate the pulse beat more quickly on 
this artery after strenuous exercise. The subjects were 
informed that upon completion of each running repetition.
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they were to stop and immediately place their fingertips 
on the carotid artery. Following a signal from the 
timer, the subject would count the pulse beats for a five- 
second interval. The five-second pulse count was then 
multiplied by twelve to determine the exercise pulse rate 
per minute.
The training selected for use in this study consisted 
of running on an outdoor track. Each group exercised by 
running 200 yards at an intensity producing a heart rate 
between I5O-ISO beats per minute. A trial run was per­
formed to determine the speed that the subjects would run 
the 200-yards in order to produce the desired heart rate 
intensity. This speed was found to be approximately forty- 
five seconds for all subjects. Thus, a standard training 
intensity was set. The intensity was further checked by 
taking the pulse rate for a five-second interval following 
each run, so as to maintain the desired exercise intensity. 
Since the pulse rate was found to be more intense within 
the first few seconds following the exercise, the five- 
second interval was used. However, in order to check for 
possible error in counting the pulse beats, a fifteen- 
second interval was periodically taken and used in comparison 
to the five-second interval. It was found that the fifteen- 
second interval revealed a slower pulse rate. The 
difference did not appear to be a result of miscounting, 
but due to the onset of recovery. It was, therefore.
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the judgment of the investigator that the five-second 
interval period would elicit a more accurate approxima­
tion of the actual training intensity.
A stop watch was used in this study as a pace clock. 
After each repetition, the subjects were instructed to 
either slow down, pick up, or maintain the pace as 
necessary. The times for each repetition varied on the 
average from forty-three to forty-eight seconds for each 
training bout. The variation resulted from error in the 
subject’s judgment of pace and to the slight increase in 
heart rate as a work-out progressed. However, the 
established heart rate intensity was maintained as closely 
as possible. A sample training chart appears as Appendix
D. The recovery time between repetitions was two minutes, 
the average time needed to walk back to the starting 
position. For training purposes, subjects were divided 
into three groups —  the three repetition group, the six 
repetition group, and the nine repetition group. Training 
schedules are shown in Table III.
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TABLE III 
GROUP TRAINING SCHEDULE
Level of Repetitions Days Per Training 
Group Fitness Per Day Week Period
H9 High 9 2 5 Weeks
H6 High 6 2 5 Weeks
H3 High 3 2 5 Weeks
L9 Low 9 2 5 Weeks
L 6  L ow  6 2 5 Weeks
L3 Low 3 2 5 Weeks
Subjects trained twice a week during their physical 
education classes at school. Boys exercised on Monday 
and Wednesday of each week and girls exercised Tuesday 
and Thursday of each week, Friday was a make-up day 
used by those subjects who were absent during one of the 
other days, enabling them to keep up with their training 
schedule.
IV. STATISTICAL TREATMENT 
The data in this study were statistically treated 
by two methods: via the I.B.M. computer located in the
Computer Center at the University of Montana and then 
checked via conventional methods using the appropriate 
formulas (Appendix H),
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Correlation coefficients were calculated to 
determine the reliability of the tests. In the 300-yard 
run test, a correlation coefficient was calculated for 
test one and test two for both the pre-test and post­
test phases. To determine the relationships between the 
two tests, a correlation coefficient was calculated 
between the best 300-yard run times and the 600-yard times 
in the pre-test phase.
Students* t-tests were calculated to test the null 
hypothesis that no significant differences due to 
training occurred in any of the six groups on either the 
300-yard run or the 600-yard run tests. Further t-tests 
were calculated to test the hypothesis that no significant 
differences occurred between the boys* or girls* groups 
on either the 300-yard or the 600-yard run tests.
A two-way analysis of variance was used to analyze 
changes between repetition groups, physical fitness 
groups, and the interaction among the repetition groups 
and fitness groups.
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RESULTS AND DISCUSSION
This chapter presents the analysis and discussion of 
data obtained in tests of cardiorespiratory endurance 
administered to subjects of high and low physical fitness 
before and after five weeks of training. The study was 
designed to determine the effects of specific training 
repetitions on the development of endurance in adoles­
cents. A sub-problem in the study was a comparison of 
endurance changes achieved by boys and girls to determine 
if the training may have affected them differently. The 
data are summarized in Tables IV-IX. Within this data, 
the high physical fitness categories and repetitions 
were progressively labeled as H3, H6, and H9. The low 
physical fitness categories and repetitions were groups 
L3, L6, and L9.
I. RESULTS
Test Reliability
The Pearson Product Correlation Coefficient was used 
to determine the relationship between administrations of 
the 300-yard - running tests in pre- and post-test phases. 
It was also used to determine the relationship between 
the 300-yard and the 600-yard running tests in the pre­
test administration. The formula for this and other 
computations appear in Appendix H.
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The correlations for the two administrations of the 
300-yard tests were extremely high with a correlation 
coefficient of .90 for both the pre- and post-tests.
These findings agree with those reported by Lewis (27)» 
who reported a correlation of .94 for successive trials of 
the 300-yard run test. The times for each of these tests 
appear as Appendix G. A correlation coefficient of .71 
was calculated between the 300-yard run and the 600-yard 
run in the pre-test phase.
The 300-Yard Running Test
The pre— and post—test times and test differences for 
each individual subject were calculated and recorded for 
the 300-yard running test. The raw data are presented in 
Appendix E. The mean differences and t-tests for the six 
assigned training groups are summarized in Table IV,
TABLE IV
COMPARISON OF THE 300-YARD PRE- AND POST-TEST GROUP ACHIEVEMENTS
GROUP TEST MEAN STANDARDDEVIATION
MEAN
DIFFERENCE t
H9 Pre 45.70 3 . 9 2 - .35 .50Post 45.35 5 . 1 0H6 Pre 4 6 .6 5 3 .8 5 - .72 1.33Post 45.93 4 . 0 4H3 Pre 4 8 . 5 5 3.39 -1.45 1.99Post 47.10 3.33L9 Pre 6 1 . 4 0 1 6 . 4 0 -7.03 1 . 4 6Post 54.36 6 . 4 2L6 Pre 6 0 .0 5 3 . 3 2 -3 .5 3 4.49*Post 5 6 ,5 1 4.59L3 Pre 53.31 6 . 2 9 -2 . 9 0 4.39*Post 5 0 .2 5 5.44
Significant at the .05 level of confidence
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From the results presented in Table IV, the data 
indicated that the running time was decreased to a greater 
degree by group L9» as indicated by the mean differences. 
All groups showed decreases in their times; however, the 
low physical fitness groups L9, L6, and L3 displayed 
larger decreases.
The t-test detected significant improvements in 
groups L6 and L3 beyond the ,05 level of confidence, as 
a t of 2,57 (20) was necessary. Groups H9, H6, and H3 
and L9 did not achieve statistically significant 
improvement, although noticeable differences did occur.
The groups L6 and L3, achieving the greatest improvement 
in cardiorespiratory endurance, were in the low physical 
fitness category. It was interesting to note that the 
two groups which trained with fewer repetitions were the 
only ones to achieve statistically significant changes.
The group mean differences for the 300-yard running 
tests are presented graphically in Figure 1. The raw test 
data are presented in Appendix E.
A twq-way analysis of variance was performed on the 
pre-post test differences to test for significant 
differences between the repetition groups, between the 
physical fitness groups, and for interaction among groups. 
The results of this analysis are summarized in Table V.
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TABLE V
TWO-WAY ANALYSIS OF VARIANCE FOR 
THE 300-YARD PRE-POST TEST GROUP DIFFERENCES
Source
Sum Degrees
of of Mean
Squares Freedom Squares F-Ratio
Row Means 122.11 1
Column Means 19.04 2
Interaction 43,69 2Subtotal 1 6 4 . 6 4 5Within Groups 744.^0 30
Total 9 2 9 .6 4 35
122.11 4 .92*
9.52 .383
2 1 .6 5 . 6 6 0
2 4 .6 3
Significant at the .05 level of confidence________________
In view of calculated F-ratios, significance at the 
.05 level of confidence is reached only in the row effects. 
An F of 4 . 1 7 with 35 and 1 degrees of freedom was required 
to achieve significance. It should be noted in Table V 
that the row means imply physical fitness group means. 
Column effects denote repetition levels. They were not 
significant at the .05 level of confidence. The F-ratio 
for column effects with 35 and 2 degrees of freedom needed 
to exceed 3.32 (I6 ). In searching for interaction, the 
F-ratio of .660 falls far below the F-ratio of 3.32 (16) 
required for significance. Therefore, the presence of a 
significant fitness and repetition interaction was not 
revealed.
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The 600-Yard Running Test
The procedure for testing the pre-post test data on 
the 60 0-yard running test was identical to that employed 
for the 300-yard running test. Analysis was computed 
using I.B.M, procedures, then checked by a hand calculator 
applying appropriate formulas (Appendix H). The raw data 
are presented in Appendix F. The mean differences and 
t-tests for the six assigned training groups for the 600- 
yard running test are summarized in Table VI.
TABLE VI
COMPARISON OF THE 600-YARD PRE-POST TEST GROUP ACHIEVEMENTS
GROUP TEST MEAN
STANDARD
DEVIATION MEANDIFFERENCE t
H9 Pre 1 2 4 .4 6 1 9 . 0 4 - 1 . 9 .34 6Post 1 2 2 .6 3 1 9 . 0 6H6 Pre 1 2 2 .6 5 1 6 . 2 9 2.6 .5 6 4Post 1 2 5 .4 1 1 9 . 1 7
H3 Pre 1 2 6 .5 4 10.01 2.0 . 566Post 126.75 1 2 . 9 6
L9 Pre 1 4 6 .3 1 16.99 - 2.3 2 .2 3Post 143.66 2 0 .6 4L6 Pre 1 5 6 .6 3 16.34 - 3.5 .563Post 1 5 3 .3 6 13.49
L3 Pre 1 5 1 .6 6 2 3 .5 6 -1 5 .3 1.69Post 1 3 6 .5 1 16.79
Values expressed in seconds and decimal fractions__________
In the 600-yard running test, greater improvements 
were registered by group L3, with groups L6 and L9 follow­
ing in order. Groups H3 and H6 failed to make any 
improvement at all as illustrated by positive mean differences
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None of the groups achieved statistically significant 
improvements, A t ratio of 2.571 (18) was necessary for 
significance at the ,05 level of confidence. It should 
be recalled that, in the preceding 300-yard running test, 
groups L6 and L3 achieved significant differences.
The group mean differences for the 600-yard running 
test are presented graphically in Figure II. The raw 
test data are presented in Appendix F,
A two-way analysis of variance was performed to test 
for significance between the repetition groups, between 
the physical fitness groups, and for interaction among 
repetition and fitness groups. The results of this analysis 
are summarized in Table VII,
TABLE VII 
TWO-WAY ANALYSIS OF VARIANCE FOR 
THE 600-y a r d p r e-p ost TEST GROUP DIFFERENCES
Source
Sum
QfSquares
Degrees
ofFreedom
Mean
Squares F-Ratio
Row Means 571.21 1 571.21 3.50Column Means 246.29 2 123.14 .763Interaction 457.90 2 228.95 1,42Subtotal 1275.40 5Within Groups 4839.26 30 161,31Total 6114.66 35
In order to have significance in the row effects, an 
F-ratio of 4.17 (18) was required for the ,05 level of 
confidence. The F-ratio of 3,50 for row means falls below
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this point; therefore, there was no significant difference 
between the physical fitness levels. There was also no 
evidence of significance for repetition groups. The 
presence of interaction in this case is not detectable as 
the F-ratio of 1.42 does not meet the necessary ratio of 
3.32 (1Ô) for significance at the . 0 5 level of confidence.
Comparison of Sex Differences
The boys' and girls' pre-post test differences for the 
300-yard run and the 600-yard run tests were analyzed and 
are presented in Table VIII. The results of the t-tests 
are summarized in Table IX.
TABLE VIII
PRE-POST TEST DIFFERENCES FOR BOYS AND GIRLS 
ON THE 300-YARD AND 600-YARD RUNNING TESTS
BOYS’DIFFERENCES
300-YARD RUN 
GROUPS
GIRLS'DIFFERENCES
(Seconds) (Seconds)
- 3.5 H9 1.4- 1.6 H6 - 2.7- 7.7 H3 — 1.0- 9.0 L9 -33.2-12.8 L6 — 8.4
- 9.1 L3 — 8.3
-  7.28 MEANS 8.70
(continued)
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TABLE VIII 
(continued)
600-YARD RUN 
GROUPS
A.Ô H9 -1 5 . 95.Ô H6 9.6
— 4 • 0 H3 17.3
- 7.9 L9 6.120.2 L6 -39.9
-75.8 L3 -16.3
—9.48 MEANS - S.55
Values expressed in seconds and decimal fractions
In the 300-yard running test, greater improvement 
was indicated by the girls, as illustrated by the pre-post 
test mean differences. The girl's group L9 achieved the 
largest difference. Within that group, the subject L.T. 
had an improvement time of 31 seconds. This extremely 
high improvement produced the greatest influence upon the 
girl's group achievement.
The 600-yard running test revealed that the boys 
achieved a greater mean difference. Boy's group L3 
achieved the largest difference. Within that group, the 
subject M.P. had an improvement time of 36.5 seconds.
This very large improvement produced the greatest influence 
upon the boy's group achievements. Further analysis of 
the subject L.T. and M.P, indicated that both were in
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the low physical fitness classification. These two 
subjects scored very low on the AAHPER Youth Fitness 
Test. The female subject L.T. scored at the 26th 
percentile, and the male subject M.P. scored at the 45th 
percentile (see Appendix C), In checking the health 
records of the two subjects, it was found that subject 
L.T. was born with extremely weak ankles, which may 
have prevented the development of adequate cardiores­
piratory endurance. It may be assumed that the training 
program served as a stimulus for L.T. Her running 
coordination was developed to such a degree that running 
became easier, therefore increasing her efficiency and 
endurance. The subject M.P. had no unusual childhood 
defects or other obvious circumstances that appeared to 
affect his improvement due to training.
TABLE IX
COMPARISON OF BOYS AND GIRLS ACHIEVEMENTS PRE- TO POST-TESTS
TEST GROUP
MEANS 
PRE POST
MEAN
DIFFERENCE t
300-Yard Run BoysGirls 49.9755.24 47.5452.34
-2.43-2 .9 0 .2 8 4
600-Yard Run BoysGirls
1 2 7 .0 0
149.10
123.80
1 4 6 .3 0
-3.20-2.80 .230
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There were no statistically significant differences 
between the sexes for either the 300-yard running test or 
the 600-yard running test. A t-ratio of 2,110 (20) was 
required for significance at the .05 level of confidence.
II. DISCUSSION
The results indicated that there were significant 
differences between the two levels of physical fitness 
in the development of cardiorespiratory endurance. This 
is as the literature indicates and is in keeping with 
current hypotheses regarding the rate of improvement and 
the subject's initial physical fitness status (7, 21, 26). 
The low physical fitness subjects achieved more overall 
improvement than the high physical fitness subjects. All 
subjects trained at the same heart rate intensity; however, 
the low fitness subjects seemed to find the running more 
difficult. It seems reasonable to infer that the low 
physical fitness subjects may have been subjected to a 
harder relative work load. However, this did not appear to 
be so when checking their training heart rate intensity by 
their pulse beats.
No significant differences among groups were found 
when three, six, and nine repetition levels were compared 
in the 300-yard run and 600-yard run tests. In relation 
to the 300-yard running test, the low physical fitness 
groups followed a sequence of improvement, as would be 
expected from progressive repetitions. The high physical
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fitness groups formed a pattern in reverse of the low 
physical fitness groups. It must be assumed that the 
level of activity used in this study was not of 
sufficient severity to produce a training effect in those 
subjects of high physical fitness status (Ô),
In relation to the high physical fitness category, 
group H9 was the only group to achieve any improvement, 
as illustrated by the differences in the 600-yard running 
times. The low physical fitness groups made considerably 
more improvement; however, they did not attain achievements 
corresponding to the progressive training repetitions.
The longer endurance test appears to be too strenuous for 
the low physical fitness subjects. It may also be possible 
that, for those subjects of low physical fitness, the 
training program was not of sufficient length to produce 
the changes necessary for improved distance running (10, 32).
Brouha (6) suggested that the training processes seem 
to be similar for both sexes. The differences, if they 
exist, are in the subject’s capability of adjusting to 
exercise due to their different physiological capacities to 
perform. The findings of the present study imply similar 
results. The girls achieved greater gains in the 300-yard 
running times. The boys improved more in the 600-yard 
running test. However, no statistically significant 
differences appeared in either the 300-yard running test 
or the 600-yard running test.
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Individual physiological capacities of the subjects 
seemed to have different effects upon the training processes. 
However, it is suggested that other variable factors such 
as psychological status, self-concept and motivation, and 
in some of the cases, previous training experience, may 
have been of sufficient magnitude to alter the results of 
this study. Although these variable factors were recognized, 
no attempt was made to evaluate their influence as they 
were considered beyond the scope of the present study.
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CHAPTER V
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS
I. SUMMARY
The purpose of this study was to determine the effects 
of three, six, and nine repetitions of submaximal running 
on the development of cardiorespiratory endurance in high 
and low physical fitness adolescents. A sub-problem was 
to determine if the sex of the adolescent had an influence 
upon the development of cardiorespiratory endurance.
Thirty-six subjects participated in the study. They 
were students attending Frenchtown Junior High School, 
Frenchtown, Montana, and Lewis and Clark Grade School, 
Missoula, Montana. Students chosen to participate in this 
study were selected on the basis of their percentile 
scores on the American Association for Health, Physical 
Education and Recreation Youth Fitness Test.
The subjects were placed into high and low physical 
fitness categories and then sub-divided into six groups, 
six subjects in each group. The groups were labeled as H3, 
H6, H9, L3, L6, and L9 according to their physical fitness 
status and number of training repetitions. Each subject 
was given two 300-yard running tests, where the fastest 
time of the two tests was recorded, and one 600-yard 
running test. These tests were used as pre-tests before 
starting the training program. At the conclusion of the
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experimental period, the subjects were administered the 
300-yard tests and the 60 0-yard tests to determine the 
effectiveness of the training program.
The Pearson Correlation Coefficient was applied to 
the pre-tests and post-test results of the 300-yard running 
test to determine test-retest reliability. The correla­
tions were very high with coefficients of .9^ for both 
test phases, A further correlation coefficient of .71 was 
found between the 300-yard running test and the 600-yard 
running test in the pre-test phase. All correlation 
coefficients were highly significant.
To test the hypothesis that there were no significant 
differences in performances for the 300-yard running test 
and 600-yard running test, t-tests were calculated on each 
of the six groups. In regard to the 300-yard running test, 
only groups L6 and L3 achieved significant differences.
In descending order, the group achievements according to 
mean differences for the 300-yard running test were ranked 
in the following order: L9, L6, L3, H3, H6, H9.
No statistically significant differences appeared for 
any group in the 600-yard running test performances. In 
descending order, the group achievements according to mean 
differences for the 600-yard running test were ranked in the 
following order; L3, 16, L9 , H9, H3, H6.
A two-way analysis of variance was used to determine 
if significant differences at the .05 level of confidence 
existed between repetition groups, between physical fitness
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groups, and interaction among groups. In regard to the 
300-yard running test, significant differences were 
revealed between the physical fitness groups. No 
significant differences appeared among repetition groups 
nor was there significant interaction. There were no 
significant differences between physical fitness groups, 
among repetition groups, or in repetition and fitness 
interaction as evidenced by the 600-yard running test.
In order to test the hypothesis that there were no 
significant differences in performance between boys and 
girls in the 300-yard running test and 600-yard running 
test, t-tests were calculated on the boy's group and 
girl's group at the .05, level of confidence. No signifi­
cant differences appeared in the 300-yard running test 
results or the 600-yard running test results.
II. CONCLUSIONS
The results of this study brought forth the following 
conclusions:
A. The number of training repetitions (three, six, 
on nine) did not significantly influence the extent of 
changes in cardiorespiratory endurance.
B. The development of cardiorespiratory endurance 
seemed to depend more on the subject's initial level of 
physical fitness.
C. The low physical fitness subjects achieved greater 
cardiorespiratory endurance improvement as measured by the 
300-yard and 600-yard running tests.
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D. Considering the initial cardiorespiratory 
endurance Ivels of the high physical fitness groups,
it seems that the training program was not strenuous enough 
to bring forth significant changes in cardiorespiratory 
endurance.
E. The girls achieved a higher rate of improvement, 
as illustrated by the 300-yard running test, which may have 
been due to their seemingly higher motivation toward the 
training program. The girls were extremely anxious to run 
since they had not had an opportunity to participate in 
training previously,
F. The boys achieved a higher rate of improvement as 
illustrated by the 600-yard running test. They were able 
to produce a more maximum effort, perhaps due to their 
previous training experience in the longer endurance runs,
III, RECOMMENDATIONS
In view of the results and conclusions of this study, 
the following recommendations have been indicated;
A, Further research is needed involving high and low 
physical fitness adolescents with greater differences 
between fitness groups,
B, Additional investigation should be made on high- 
level physical fitness adolescents to determine the number 
of training repetitions and intensity of training most 
beneficial in the development of cardiorespiratory endurance
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C. Further research is needed to clarify the 
ambiguities expressed in conclusions E and F above.
D, It would be beneficial to utilize additional 
cardiorespiratory endurance test instruments in further 
research. Cooper* s twelve-minute test has recently been 
suggested by Doolittle to have highly significant correla­
tion in cardiorespiratory endurance measures.
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APPENDIX A 
LETTER TO PARENTS
Dear Parents:
Presently, at the University of Montana, I am develop­
ing a physical education study in the training of seventh 
and eighth grade boys and girls. With your permission and 
cooperation, I would like your child to participate in the 
program.
The training program will involve various repetitions 
of running a distance of 200-yards. The students will be 
asked to train twice a week for a period of five weeks.
Before the training period, the students will be administered 
the following tests: a physical fitness test, two 300-yard
run tests, and one 600-yard run test. After the training 
program, the students will be administered the same 300-yard 
and 600-yard running tests. Training and testing will be 
conducted at the public school during physical education 
classes with the knowledge and consent of the school 
administration,
Students will find the program enjoyable and it will 
be beneficial to them since the purpose of the program is to 
increase their physical fitness. If, for any reason, you 
do not wish your child to participate, or the child does 
not want to take part in the training, please let me know
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because complete cooperation is essential. If your child 
will participate in the program, please return this letter 
with your signature.
Thank you for your cooperation.
Parent's signature:__________________________________
Sincerely yours,
Doug Vickers
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APPENDIX B
CHART OF PHYSICAL CHARACTERISTICS OF SUBJECTS
Subject 
(training groups) Height in inches Weight in pounds Age in years
*K.K. (3) 63 123 12*R.R. (5) 60 126.5 13*J.S. (1) 63.5 93 14»L.T. (4 63.75 120 13*N.G. (6) 61 99 12*V.B. (3) 62.25 1 2 0 .5 13*8.0. (1) 64.5 106 13*v.c. (2) 62 127 14*J.H. (4) 59 85 13*L,H. (6 61 102 14*S.F. (5 65.5 171 14*0.8. (4) 62 92 13*T.L. (2 63.5 121 13*S.L. (3 65.5 109 14*M.H. (1) 64 108 13*D.R. (6) 64.75 114 13*S.P. (2) 6 5 . 7 5 120 13*S.R. 5 60.75 84 13M.S. (1 58.5 9 2 .5 13K.H. (1 62 1 1 0 .5 13O.M. (5) 63.5 1 0 5 .5 13D.S. 4 65 110 13J.M. (3 63.75 102 13K.R. (2 59.75 93 13J.M. 2) 6 9 . 5 131 13K.E. (4) 66 130 14L.S. (1) 64 114 14J.A. (3 6 0 .5 109 14D.L. (6) 72.0 140 14M.B. (6) 60 83 13M.P. (6 6 3 . 5 98 13P.S. (3 6 1 . 0 98 13J.O. (2) 68.5 138 14G.D. (4) 51 64 13P.Q. (5) 62 116.5 13O.S. (5) 63.5 114.5 13
MEANS 6 2 . 9 1 1 0 .5 1 3 . 2
*Pemale subjects
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APPENDIX C
PERCENTILE SCORES ON AAHPER YOUTH FITNESS TEST 
BOYS GIRLS
SUBJECTS PERCENTILE SUBJECTS PERCENTILE
M.S. 98 M.H. 95P.S. 95 S.P. . 95J.M. 90 J.S. 93J.O. 90 S.L, 93J.A. 89 S.C. 91K.H. 88 K.C. 90J.M. 87 v.c. 88K.R. 86 V.B. 88
L.S. 82 T.L. 86K.E. 63 S.F. 69P.Q. 60 J.J. 69G.M. 58 L.H. 67D.L. 49 C.S. 65D.S. 48 D.R. 65G.D. 45 S.R. 65M.B. 45 R. R. 60M.P. 45 N.G. 44G.S. 34 L.T. 26
PHYSICAL FITNESS CATEGORIES BOYS AND GIRLS
HIGH FITNESS LOW FITNESS
98 90 69 5895 89 69 4995 88 67 48
95 88 65 45
93 88 65 4593 87 65 4591 86 63 4490 86 60 35
90 82 60 26
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APPENDIX D 
HUMAN PERFORMANCE TRAINING CHART 
TEMPERATURE RELATIVE HUMIDITY CONDITION OF TRACK
GROUP
FITNESS LEVEL
NUMBER OF REPETITIONS PER WEEK
SUBJECT REPETITION TIMES
1 2 k ? 6 7 Û 9 10 11 12 13 14 15 16 17 18
■
(/)(/>
CDQ.
"O
CD
2
Q.
Cg"G3"O2
Q.2
■c
8
CO
CO
CDQ.
COMMENTS:
"O
83"O2
Q.
CDQ1
APPENDIX E 
PRE-POST TEST RESULTS OF 300-YARD RUN
57
BEST TIME BEST TIME
PRE-TEST GROUP POST-TESTSUBJECT (Seconds) H9 (Seconds) DIFFERENCE
M.S. 41.9 41.9 0L.S. 40.2 3 6 .3 -1.9K.H. 44.1 4 2 .5 -1.6*J.S. 4^ «4 4 7 . 0 —1.4*S.C. 4Ô.3 4 6 . 4 .1*M.H. 51.3 54.0 2.7
MEANS 45.70 45.35 - .35
GROUP
H6K.R. 45.7 45.5 — .2J.M. 39.6 39.2 — , 4J.O. 45.4 44.4 -1.0*v.c. 47.4 4 5 . 7 -1.7*T.L. 50.5 4 6 . 1 —2 . 4*S.P. 51.3 5 2 .7 1.4
MEANS 4 6 .6 5 45.93 - .7 2
GROUP
H3J.M. 45.9 4 2 . 6 -3.3J.A* 49.0 47.4 -1.6P.S. 53.2 5 0 . 4 -2.6*S.L. 4 2 . 7 42.9 .2*V.B. 5 0 .5 46.1 —2.4*K.K. 5 0 . 0 5 1 .2 1.2
MEANS 4 6 . 5 5 47.10 -1.45
Values expressed in seconds and decimal fractions
Female subjects
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APPENDIX E (CONT'D)
PRE-POST TEST RESULTS OF 300-YARD RUN
BEST TIME BEST TIME
PRE-TEST GROUP POST-TESTSUBJECT (Seconds) L9 (Seconds) DIFFERENCE
D.S. 5 6 ,6 5 2 .0 - 4.6K.E. /(-S. l\. 4 6 . 1 - 2.3G.D. 60.7 58.6 - 2.1*L.T. 96.9 6 5 . 9 -31.0*J. J. 55.Ô 54.0 - 1.8*C.S, 5 0 .0 4 9 .6 — . 4
MEANS 6 1 . 4 0 54.26 - 7.03
GROUPL6
K.M. 54.7 4 7 .5 - 7.2P.Q. 62.2 5 8 .7 - 3.5G.S. 61.2 59.1 - 2.1*S.F. 57.2 55.2 - 2.0
*R.R. 6 4 . 9 62.2 - 2.7*S.R. 6 0 . 1 5 6 . 4 - 3.7
MEANS 6 0 .0 5 56.51 - 3.53
GROUP
L3D.L. 4 2 . 1 4 0 . 2 - 1.9M.B, 54.4 5 1 .0 - 3.5M.P. 54.2 49.5 - 3.7^N.G. 6 0 . 4 55.3 - 5.1^L.H. 49.0 4 8 . 4 ,6*D.R. 59.7 57.1 — 2,6
MEANS 5 3 . 3 1 5 0 .2 5 - 2 .9 0
Values expressed in seconds and decimal fractions
Female subjects
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APPENDIX F 
PRE-POST TEST RESULTS OF 600-YARD RUN
PRE-TEST GROUP POST-TESTSUBJECT (Seconds) H9 (Seconds) DIFFERENCE
M.S. 103.3 106.0 2.7L.S. 103.3 106.5 3.2K.H. 111.1 110.0 -1.1♦J.S. 147.2 123.2 —24.0♦8.0. 136.6 129.5 -7.1♦M.H. 145.4 160.6 15.2
MEANS 124.5 122.6 -1.9
GROUPH6
K.R. 110.9 111.3 .4J.M. 101.0 104.5 3.5J.O. 106.7 108.6 1.9♦V.C. 126.0 136.6 10.6♦T.L. 149.6 132.8 -6.8♦G.T. 142.9 158.7 5.8
MEANS 122.85 125.41 2.6
GROUP
H3J.M. 118.2 107.5 -10.7J.A. 123.0 127.4 4.4P.S. 123.1 125.4 2.3♦S.L. 119.0 122.8 3.8
♦V.B. 147.7 143.4 -4.3♦K.K. 128.2 146.0 17.8
MEANS 126.53 128.75 2.0
Values expressed in seconds and decimal fractions 
♦Female subjects
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APPENDIX F (CONT'D)
PRE--POST TEST RESULTS OF 600-YARD RUN
PRE-TEST GROUP POST-TEST
SUBJECT (Seconds) L9 (Seconds) DIFFERENCE
D.S. 133.2 130.5 -2.7K.E. 119.0 113.0 —6.0G.D. 163.9 164.7 .8♦L.T. 173.5 173.0 - .5♦J.J. 153.5 149.0 -4.5♦O.S. 134.2 133.1 -1.1
MEANS 146.21 143.9 -2.3
GROUPL6K.M. 123.0 125.3 —6.7P.Q. 137.1 163.9 28.8G.S. 166.5 164.6 -1.9♦S.F. 160.4 149.5 -10.9♦R.R. 172.1 158.5 -13.6♦S.R. 172.9 158.5 -14.4
MEANS 156.8 153.3 -3.5
GROUP
L5D.L. 111.4 105.5 -5.9M.B. 163.9 130.5 -33.4M.P. 160.7 124.2 -36.5♦N.G. 166.3 148.5 -17.8♦L.H. 129.4 147.2 17.8♦D.R. 179.5 163.2 -16.3
MEANS 151.8 136.5 -15.3
♦Female subjects
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APPENDIX G 
TIMES FOR 300-YARD RUN TESTS
Subject
PRE-TEST 
(Seconds) 
Test 1 Test 2 Diff
POST-TEST GROUP (Seconds)
H9 Test 1 Test 2 Diff
M.S.
L.S.
*J.S.
K.H.*S.C.*M.H.
41.940.2
4Ô.4
44.148.2 
52.7
4 1 . 9
4 0 . 448.7
47.3
4 8 . 5
5 2 . 9
0.2
.33.2
.2.2
4 1 . 9
3 8 .347.0
43.9
4 8 . 454.0
4 2 . 0
3 8 . 649.2
4 2 .549.6
55.2
.1
.32.2
-1.41.2
1.2
TOTAL 
Tdifference 4.1.683
TOTALTdifference
3.6
.60 0
K.R. 4 8 .4 45.7 - .7
GROUP
H6
45.5 4 5 . 9 .4*V.C. 4 8 . 5 4 7 . 4 -1.1 45.7 4 6 . 2 .5J.M. 3 9 . 6 39.6 0 39.3 39,2 .5*T.L. 5 2 . 6 50.5 -2.1 4 8 . 1 49.8 1.7J.O. 45.4 4 6 . 1 .7 44.4 43.2 -1.2*S.P. 51.3 5 2 . 0 .7 53.6 52.7 - .9
TOTAL
Tdifferenc e
-2.5
— .41 6
TOTAL
^difference .4.06 6
*S.L. 43.6 4 2 . 7 - .9
GROUP
H3
4 3 . 4 4 2 . 9 - .5J.M. 45.9 47.1 1.2 43.2 4 2 . 6 — .6*V.B. 5 1 . 6 50.3 -1.3 49.1 49.7 .6*K.K. 5 1 . 4 50.0 -1 . 4 5 1 . 9 51.2 — . 7J.A. 49.0 49.0 0 48.9 47.4 -1.5P.S. 54.1 53.2 - .9 5 1 .9 5 0 . 4 -1.5
TOTALTdifferenc e -3.3 - .55
TOTAL
^difference —4.2 - *70
Female Subjects
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APPENDIX G (CONT*D)
TIMES FOR 300-YARD RUN TESTS
PRE-TEST
(Seconds) GROUP
POST-TEST
(Seconds)
Subject Test 1 Test 2 Diff L9 Test 1 Test 2 Diff
*L.T. 97.5 9 6 . 9 - .6 61.9 6 2 . 8 .955.8 5 6 . 1 .3 5 4 .0 54.5 .5D.S. 5 6 . 6 5 8 . 9 2.3 53.5 5 2 . 0 -1.5K.E. 4-8. 4 49.0 .6 4 6 . 8 47.1 .3*C.S. 51.2 50.0 -1.2 49.6 49.8 .2G.D. 6 0 . 7 60.9 .2 5 8 .6 59.4 .8
TOTAL 1.6 TOTAL 1.2^difference .266 ^difference .20
GROUPL6
*8.F. 57.2 5 8 . 9 1.7 55.2 55.9 .7*R.R. 6 7 . 0 6 4 . 9 -2.1 61.9 61.2 - .7K.M. 54.7 57.0 2.3 4 8 . 0 47.5 - .5P.Q. 62.2 6 3 . 0 .8 5 8 . 7 6 0 .3 1.6G.S. 61.2 6 1 . 9 .7 59.5 59.1 — . 4*S.R. 60.1 60.3 .2 5 6 . 4 57.4 1.0
TOTAL 3.6 TOTAL 1.7^difference .6 ^difference .283
GROUP
L3*N.G. 6 0 . 5 60.4 - .1 55.3 5 6 .6 1.3*L.H. 50.2 49.0 -1.2 49.1 4 8 . 4 - .7D.L. 43.6 4 2 . 1 -1.5 4 0 . 2 4 2 .3 2.1M.P. 54.2 5 5 . 0 .8 5 1 .6 49.5 -2.1M.B. 54.5 54.9 . 4 5 2 .7 5 1 .0 -1.7*D.R. 59.7 5 9 . 9 .2 57.1 57.8 .7
TOTAL —1.4 TOTAL - .4^difference - .233 ^difference — .06 6
Female Subjects
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APPENDIX H 
STATISTICAL ANALYSIS
Formula for Computation of the Pearson Product-Movement 
Correlation Coefficient for the Pre-tests and Post-test 
on the 300-yard Running Tests.
N^XY - (SX) (£Y)
r=
Where: r=coefficient of correlation calculated from raw
scores
n=total number of subjects in sample population 
X,Y=raw scores obtained on the tests 
2xY=sum of the products of raw scores 
Sx, ^Y=sura of the scores 
Sx^, SY^=sum of the squared scores 
(%X)^, (ZÙY)^=sum of the scores squared
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APPENDIX H (CONT'D)
FORMULA FOR DIFFERENCE BETWEEN MEANS-CORRELATED DATA
FOR PRE-POST TEST SCORES
2 2 2 1» fcj d = %  D —— ( SI D )N
Where; D = differences from pre- to post-scores 
_  2S  D = sum of differences squared
N = total number of subjects in sample population
2S d  = sum of squares for the differences
2. S = _______________
B J  S d S
N
Where: S = standard deviation of the differencesD S
3. S_ = D_______
D _________________N — 1
Where: S_D = standard error of mean differences
4. t = D
S
D
The t value was then found in the table of 
Distribution of t probability (19) and with the 
appropriate degrees of freedom the significant 
level was reached.
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APPENDIX H (CONT’D)
ECRMULA FOR TESTING THE DIFFERENCE BETWEEN KEANS
FOR PRE-POST TEST SCORES
Compute sum of squares for each distribution; 
2 2 2 
E.X = Zx — (gX)N2
where: Z  X = sum of squared scores2
(Sx) = sum of scores squared 
N = total number of scores
Compute standard error of the difference between
means N = N 1 2
S
' N (N - 1)
Compute t test, 
t = X - Ÿ
where: X = mean score
Y = mean score
= standard error of the difference 
X between means
The t value was then found in the table of Distri­
bution of t probability (19), and with the appropriate 
degrees of freedom, the significant level was reached.
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APPENDIX H (CONT'D)
COMPUTATION FOR TWO-WAY ANALYSIS OF VARIANCE
FOR REPEATED MEASURES
ANALYSIS OF VARIANCE 
Example Problem
A B C
4 2 5
a 7 3 6
5 2 4
9 8 10
b 8 7 8
8 5 7
TOTALS 108
A B C
a 16 7 15 38
b 25 20 25 7010^
1. Compute sum of squares for total;
2 2 2 2 2 2 2 2
4 + 7 + 5 + 9 + 8 + 2 ---- .+ 7 -(108) - "IB 744—648= 9̂
2. Compute sum of squares for subtotals from sixpopulations :
2 2 2 2 2 2 2
1 6 + 2 ^ + 7 + ^  + 15 + ^ - (108) = 726 .67-648= 78
3  3 3 3 3 3 iS
Where; total number of scores = 18 
total number of columns = 3
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APPENDIX H (CONT'D)
COMPUTATION FOR TWO-WAY ANALYSIS OF VARIANCE
FOR REPEATED MEASURES
ANALYSIS OF VARIANCE
___________ SUM OF SQUARES df MEAN SQUARE F ratio__
BETWEEN SIX MEANS 7 8 . 6 7 k-1 15.73 10.9
(5)
WITHIN 1 7 .3 3 N-k 1.44 F .95(5.12)-3.11(12)
TOTAL 9 6 .0 0 17
k = total number of scores in the subtotals 
N = total number of scores
The significant F ratio indicates that there is 
evidence that the means of the six populations are unequal.
3 . Compute sum of squares for rows;
2 2 2
38 + 7 0  - (108) = 704.89 - 648 - 56.89
9 9 1Ü
Where: total number of scores = 18
total number of scores = 9
4. Compute sum of squares for columns :
2 2 2 24 1 + 2 7 + 4 0  - (108) = 668.33 - 648 - 20.33"T -6" iF
Where: total number of scores = 18
total number of scores = 6 in each column.
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APPENDIX H (CONT*D)
COMPUTATION FOR TWO-WAY ANALYSIS OF VARIANCE
FOR REPEATED MEASURES
ANALYSIS OF VARIANCE
SUM OF SQUARES df MEANSQUARE
ROW MEANS 5 6 . 8 9 1 ' 5 6 .8 9
COLUMN MEANS 2 0 .3 3 2 1 0 . 1 7
INTERACTION 1 . 4 5 2 . 7 2
SUBTOTAL 7 8 . 6 7 5
WITHIN GROUPS 17.33 12 1.44
TOTAL 9 6 . 0 0 17
5 . To find degrees of freedom (17):
row effects = number of rows minus one 
column effects = number of columns minus one 
subtotal = number of scores in subtotal 
minus one
within groups = total number of scores in the
pooled variance minus total 
number of scores in subtotals, 
interaction = total number of scores in the
pooled variance minus one, minus 
the degrees of freedom for the 
row means, minus degrees of 
freedom for the column means.
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APPENDIX H (CONT'D)
COMPUTATION FOR TWO-WAY ANALYSIS OF VARIANCE
FOR REPEATED MEASURES
6. The numbers in the mean-square column are 
obtained by dividing the corresponding sum of squares by 
the respective degrees of freedom (17). The F-ratio 
for the row, column and interaction effects are 
calculated by dividing each mean square by the within 
group's mean square. Using the appropriate degrees of 
freedom, the variance estimate is found (17).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
